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The Reactions of Hydroquinone and Derivatives 
By DEWALT S. YOUNG* 


The literature relating to the history, 
occurrence, physical properties, manu- 
facture, and uses of hydroquinone has 
been reviewed recently in an excellent 
fashion elsewhere (1). In the present dis- 
cussion, attention will be directed to the 
more important chemical reactions of 
hydroquinone, the use of hydroquinone 
as an intermediate in transformations of 
possible commercial value, and a brief 
survey of some hydroquinone deriva- 
tives of special interest. 

Hydroquinone readily undergoes ox1- 
dation to quinone through use of various 
oxidizing agents as, for example, ferric 
chloride and dichromate solutions. A 
good preparative method for quinone 
involves oxidation of hydroquinone in 
dilute aqueous sulfuric acid, using so- 
dium chlorate in the presence of vana- 
dium pentoxide as catalyst (92-96% 
yield) (2) or potassium bromate (quan- 
titative) (3). Hydroquinone may be de- 
termined volumetrically by oxidation 


with ceric sulfate using diphenyl amine 


(4) or ferrous phenanthroline (5) as indi- 
cator. When equimolecular quantities of 
hydroquinone and quinone are mixed in 
an organic solvent such as ethyl alcohol, 
the molecular complex known as quin- 
hydrone separates as a dark green crys- 
talline solid. Quinhydrone yields hy dro- 


quinone on reduction and quinone on 
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oxidation. In solution it dissociates into 
the components to reach equilibrium. 
The rapid, quantitative, and reversible 
oxidation-reduction relationship of the 
quinone-hydroquinone system has been 
applied as the basis for pH measure- 
ments as the quinhydrone electrode. 

Hydroquinone may be catalytically 
hydrogenated to produce a mixture of 
two stereoisomeric forms of 1,4-cyclo- 
hexanediol, commonly called quinitol. 
The cis (M.P. 111-112 C) and ¢rans (141- 
141.5 C) cyclohexanediols have been 
separated by crystallization from the 
diacetates (6). 

Hydroquinone is easily monosulfo- 
nated by warming to 50 C with concen- 
trated sulfuric acid. Disulfonation 1s ac- 
complished by heating at 100 C for eight 
hours with concentrated sulfuric acid or 
for two hours with oleum (7). The am- 
monium salts of hydroquinone mono- 
sulfonic acid and 2,5-hydroquinone di- 
sulfonic acid have been prepared by the 
reaction of hydroquinone with amino- 
sulfonic acid (sulfamic acid) (8). Chlo- 
rination of hydroquinone gives rise to 
mixtures of chlorinated hydroquinones 
or quinones according to the reaction 
conditions. The patent literature de- 
scribes the chlorination of hydroquinone 
in concentrated hydrochloric acid (9) 
and in carbon tetrachloride (10) to yield 
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the possible chlorinated hydroquinones. 
A recent Russian paper (11) describes 
the use of dioxane dibromide to prepare 
either monobromohydroquinone or 2,6- 
dibromohydroquinone in g0% _ yield. 
Monoiodohydroquinone has been syn- 
thesized indirectly through oxidation of 
3-10do-4-aminophenol (4-amino-3-iodo- 
phenol) (12). 

Dialkyl ethers of hydroquinone may 
be prepared in high yields by reaction of 
hydroquinone with an alkyl halide or 
sulfate under alkaline conditions. Some 
dialkyl ethers so obtained, particularly 
dimethyl, diethyl, and di-z-butyl] ether, 
are of interest because, through nitration 
and reduction to aminohydroquinone 
ethers, they become useful dye interme- 
diates. Hydroquinone dipheny] ether is 
formed by heating a phenolate salt with 
p-dibromobenzene to 180-200 C in the 
presence of copper powder (13). 

The preparation of the monoethers of 
hydroquinone is subject to the disad- 
vantage of simultaneous dietherifica- 
tion. However, the proportion of diether 
can be minimized in most cases by 
proper control of reaction conditions. 
Hydroquinone monomethyl-(p-meth- 
oxyphenol) and monobenzyl ethers [p- 
(benzyloxy) phenol] are of interest as 
antioxidants. Also, two tertiary alkyl-4- 
hydroxyanisoles have been described as 
antioxidants (14) (15). Monoetherifica- 
tion of hydroquinone, followed by alkyl- 
ation with isobutylene or tertiary butyl 
alcohol, gives rise to a very useful anti- 
oxidant, namely, butylated hydroxyani- 
sole (BHA), a mixture of the following 
isomers: 


OCH; OCH3 


C(CH3)3 
C(CH3)5 


OH OH 

BHA possesses the valuable property, 
when incorporated in animal fats and 
shortenings, of imparting its antioxidant 
effect to the final food product (15) 


(16) (17), and has been approved by the 
U. S. Department of Agriculture, Meat 
Inspection Division, for that purpose. 

Hydroquinone allyl ethers undergo 
the Claisen rearrangement to produce 
nuclear allyl derivatives, 2,3-diallylhy- 
droquinone and 2,s-diallylhydroquinone_ 
in approximately equal amounts (18). 


H 
Acetone 
+ a _ oe 
CHs=CH-CH,Br KeCO3 
(75% Yield) 
OH 
OH 


O-CHs- CH=CH> 


CH2CH=CHo + 
48 dee all 
Kerosene 





= CHa=CH-CHe 


OH 
O-CH,-CH=CH, 


OH 


CHg-CH=CHo 
CHe- CH=CHo 


OH 


Hydroquinone may be converted into 
diesters by reaction with acid anhydrides 
or acid halides. As in monoetherifica- 
tion, the isolation of the monoesters in 
high yield is more difficult. Hydrogui- 
none diesters rearrange according to the 
Fries reaction to form 2,5-dihydroxy- 
phenyl alkyl ketones. For example, hy- 
droquinone diacetate (p-phenylene di- 
acetate) has been treated with alumi- 
num chloride to form quinacetophenone 
(2,5-dihydroxyacetophenone) in 90% 
yield; one acetyl group is lost in the 
process og 


a 
. AICI3 or —CH3 


O-C-CHz3 
Quinacetophenone 


Many mononuclearly substituted al- 
kyl hydroquinones have been prepared 
(20). The monomethy] derivative, tolu- 
hydroquinone, may be prepared by 
pyrolusite oxidation of o-toluidine under 
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the same general conditions used for the 
manufacture of hydroquinone. As de- 
scribed recently (21) (22), vinyl hydro- 
quinone was synthesized indirectly 
through persulfate oxidation of 0-cou- 
maric acid, followed by decarboxylation. 
The vinyl hydroquinone obtained was 
hydrogenated to monoethyl hydroqui- 
none. 
OH 


CH=CH-COOH ,s, 0, 


O- 


OH 
H 
OH OH 
CH=CHo (Ho) CHoCH3 
Catalyst 
OH OH 


n-Alkyl derivatives may be prepared 
by reducing hydroquinones substituted 
with acyl or #-unsaturated groups (23). 
Vinyl hydroquinone polymers possess 
the interesting property of exchanging 
electrons with their environment, and 
can be used to conduct oxidation and re- 
duction reactions by methods employed 
with ion-exchange resins (24). 
Hydroquinone may also be directly 
alkylated in the nucleus by means of an 
alcohol or olefin in the presence of a 
catalyst. Monoisopropyl hydroquinone 
was first prepared by direct nuclear al- 
kylation in 1939 from hydroquinone and 
isopropyl alcohol, using hydrofluoric 
acid as catalyst (25). When an excess of 
isopropyl alcohol was used, the product 
was 2,4,6-triisopropylphenol (82.7% 
yield) rather than higher alkylated hy- 
droquinones. The product of catalytic 
nuclear alkylation of hydroquinone un- 
der ordinary conditions with isobutylene 
or tertiary butyl alcohol is 2,5-ditertiary 
butyl hydroquinone (26). This com- 
pound has found several useful applica- 
tions as a polymerization inhibitor in 
the manufacture of plastics, an antioxi- 


dant for vegetable fats and oils, and in 
ultraviolet stabilization of rubber and 
synthetic elastomers. Higher alkylated 
hydroquinones may be prepared by con- 
densing alkenes containing eight to 
eighteen carbon atoms with hydroqui- 
none in the presence of a condensing 
agent such as sulfuric acid, zinc chloride, 
or aluminum chloride. These compounds 
are useful as gelling agents with liquid 
aliphatic hydrocarbons and certain chlo- 
rinated aliphatic hydrocarbons (27). 

Several of the polymethylated hydro- 
quinones are of interest in the synthesis 
of tocopherols. For example, d/-a-tocoph- 
erol, which is about 75% as active as 
the natural d-a-tocopherol, has been pre- 
pared by condensation of trimethyl hy- 
droquinone with phytyl bromide (28). 

Trimethyl hydroquinone (pseudocu- 
mohydroquinone) may be prepared as 
described by Smith and co-workers (29), 
starting from pseudocumenol. 


OH NHo 
CH 
.) 
wo 7 * 


SO3H 
Sulfanilic acid 


Diazotization— 
Coupling 





Pseudocumeno! 


OH 

OH 
CH3. SnClo 
CH3 <= es CH; FeCls 
CH 

N 

i NH 

N 2 


SO3H 


7 OH 
CH3 ti, to: oh CH3 
Cre OS 

O OH 


The yield of trimethyl quinone (pseu- 
documoquinone) from the pseudocu- 
menol was 90-95%. 

Nuclearly substituted aryl hydroqui- 
nones are usually prepared by reaction 
of a quinone with a diazonium salt, fol- 
lowed by reduction. 
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0 
O CgHN5Cl 
0 


Nap CO; 





O OH 
zs oO (Ho) oo 
| 
O OH 


Phenyl quinone Phenylhydroquinone 


Phenylquinone and the corresponding 


hydroquinone, which is an effective oil- 
soluble antioxidant, may be obtained in 
nearly quantitative yields by this meth- 
od. Other aryl derivatives of hydroqui- 
none have been so prepared (30) (31). 


The Von Pechmann method for pre- 


paring substituted coumarins may be 
applied to hydroquinone and many of 
its derivatives (32). 


co ~] 


Io. 


Il, 


I2. 


. Vittum, P. W., in 


. Underwood Jr., H 


. McCoy, H. N 


. Beilenson, 


OH 
(20-25% Yield) 





| I 


Ethyl acetoacetate 
Gis 


HO SCH 
| 
oO 


4 -Methyl-6-hydroxycoumarin 
(To be concluded) 
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Patent Clause: 


The subject matter contained herein 


is for information only, and none of the 
statements contained herein should be 
considered as a recommendation for the 
manufacture or use of any substance, 
apparatus, or method in violation of any 
patents now in force or which may be 
issued in the future. 
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